The ''living fossil,'' Dromiciops gliroides (monito del monte), is an endemic marsupial inhabiting the temperate rain forests of South America. It is cavity-dependent and faces high energetic costs associated with thermoregulation during the austral winter. Although D. gliroides is well known for seed dispersal in temperate rain forests, its ecology, behavior, and long-term population dynamics have received little attention. We monitored a population of D. gliroides and studied variation in abundance and density and seasonal changes in body mass and body condition index (BCI). In addition, we monitored activity and communal nesting with camera traps and nest boxes, respectively. Over 4 years we documented a mean population density of 26 (95% confidence interval 5 19-32) individuals/ha. We found significantly greater body mass and BCI for females than for males, suggesting different energetic strategies during the prehibernation period. Animals were nocturnal and active until dawn. Communal nesting occurred during summer and early fall, but torpor by single individuals and small groups was increasingly frequent during winter. Communal nesting could be a key behavioral strategy affecting survival. However, given the greater frequency in warm seasons and groups composed of postreproductive females and juveniles, communal nesting might be more related to parental care associated with kin selection than to thermoregulation.
Small mammals living in seasonal environments are exposed to bottlenecks caused by low temperatures and reduction of food availability (Broome 2001; Sharpe and Goldingay 2007) . Thus, they are expected to restrict their activity to periods when environmental conditions, thermal regimes, and food storage are favorable (Humphries et al. 2003) . The suite of predators that an animal encounters also can influence the periods of activity substantially (Halle and Stenseth 2000) . These variables, in turn, can have important implications for patterns of sociality, mating, breeding, and parental care, which directly affect fitness (Clutton-Brock 1991; Cutrera et al. 2006; Urrejola et al. 2005) . Therefore, characterizing an animal's daily schedule of activity is important in understanding how it interacts with its environment.
The South American temperate rain forest (35-55uS) is considered a biodiversity hot spot and a unique forest ecosystem (Armesto et al. 1998; Mittermeier et al. 1999 ). Endemic to this region is the monito del monte (Dromiciops gliroides-Hershkovitz 1999; Kelt 2000; Kelt and Martinez 1989; Lobos et al. 2005; Marshall 1978; Rodríguez-Cabal et al. 2008) , an arboreal, scansorial marsupial with a narrow distribution range (35-44uS) and relative habitat specificity, strongly associated with old-growth Nothofagus forests, bamboo (Chusquea spp.), and even-aged forest stands with rich vines and epiphytes (Lobos et al. 2005; Quijano 2008; Rodríguez-Cabal 2008; Saavedra and Simonetti 2001) . In Chile its distribution includes the Coastal and Andes mountain ranges and suitable habitat in the intervening lowlands (Kelt and Martinez 1989; Saavedra and Simonetti 2001) . In Argentina its distribution includes the provinces of Neuquén and Río Negro (Hershkovitz 1999) .
Dromiciops gliroides is the sole living representative of the order Microbiotheria and shares more affinity with Australian Diprotodontia than with South American Didelphimorphia (Himes et al. 2008; Nilsson et al. 2004; Palma and Spotorno 1999) . In addition, this species contributes importantly to the regeneration of the Chilean and Argentinean temperate rain forests, being the only known seed disperser of the parasitic mistletoe Tristerix corymbosus, a keystone forest species (Amico and Aizen 2000; Amico et al. 2009; Armesto et al. 1987; Rodríguez-Cabal et al. 2007 . In combination, these factors make D. gliroides a key component and a clear priority in the conservation of Valdivian temperate rain-forest biota (García et al. 2009 ). Recently, D. gliroides in Chile has been classified as ''insufficiently known'' (República de Chile 2007) and ''near threatened'' (International Union for the Conservation of Nature 2010) due to the sharp decline in its population and the loss of its natural habitat. In recent decades the increasing demand for wood products by the growing Chilean economy has promoted the removal of native vegetation in favor of large plantations of exotic species (Pinus spp. and Eucalyptus spp.), leading to habitat loss and disruption of ecological interactions within this vanishing ecosystem (Rodríguez-Cabal et al. 2007 ). To determine the management activities needed for the conservation of D.
gliroides and its habitat in the future these critical factors must be considered via monitoring and tracking of its populations in 2nd-growth forests.
Dromiciops gliroides is nocturnal and reportedly breeds only in spring (September-December) and summer (DecemberMarch-Muñoz-Pedreros et al. 2005) . It exhibits facultative torpor when temperatures decline during the year and enters into a deeper torpor during austral winter when daily high temperatures are lower than annual maximum temperatures (Bozinovic et al. 2004; Cortés et al. 2009; Muñoz-Pedreros et al. 2005; Nespolo et al. 2010 ). This strategy, along with fat storage in the tail and dense fur, helps energy storage during winter (Jiménez 2005) . Preliminary field observations suggest that D. gliroides nests communally in tree holes or in bamboo leaves. Communally nesting animals curl individually rather than wrapping themselves around other individuals within the nest (M. Franco, pers. obs.) . Whether communal nesting in D. gliroides occurs purely as a thermoregulatory process remains unclear.
The goals of our study were to estimate the abundance and density of D. gliroides during 4 consecutive years and to evaluate population trends. In addition, we evaluated morphological characteristics of D. gliroides, including body mass, length, and body condition index (BCI), and we also described daily and annual activity periods for this species in the Valdivian rain forest. Finally, we quantified communal nesting occurrence and group composition through the year. Only anecdotal and descriptive information exists regarding the behavior of D. gliroides (Jiménez 2005; Jiménez and Rageot 1979; Muñoz-Pedreros et al. 2005) , and as a consequence, activity and nesting patterns remain unknown. An increasing number of publications emphasize ecological aspects of this species (Amico et al. 2009; Fontúrbel et al. 2010; García et al. 2009; Rodríguez-Cabal 2008; Rodríguez-Cabal et al. 2007) , but this information has been gathered during limited periods of time-months or seasons-with a lack of studies about population trends that go beyond 1 year (Fontúrbel and Jiménez 2009; Rodríguez-Cabal et al. 2008) .
MATERIALS AND METHODS
Study area.-The study was performed in the 80-ha San Martin Experimental Forest located 80 km north of Valdivia, in southern Chile (39u419S, 73u189W; Fig. 1 ). Mean annual precipitation is 2,205 mm (range 5 1,500-3,000 mm), falling mostly as rain in fall (March-June) and winter (JuneSeptember). Mean (6 SE) monthly temperatures range from 7uC 6 1uC in July to 18uC 6 1uC in February (Murúa and Briones 2005) . San Martin is a relict fragment of the Valdivian temperate rain-forest subtype (Luebert and Pliscoff 2006) , considered to be among the 200 most biologically valuable and critically endangered ecoregions of the world (Olson and Dinerstein 1998; Rüger et al. 2007 ). The San Martin forest has even-aged stands and is a 2nd-growth forest dominated by evergreen species, including Gevuina avellana, Drimys winteri, Laurelia sempervirens, Embothrium coccineum, Luma apiculata, Amomyrtus meli, and Myrceugenia apiculata, with presence of old-growth Nothofagus trees and a dense understory dominated by native bamboo, Chusquea valdiviensis (Echeverría et al. 2007) .
Abundance and density.-To estimate the abundance and density of D. gliroides we sampled during summer and early fall periods (December-April) of 4 consecutive years (2004) (2005) (2006) (2007) (2008) using custom-made, single-doored, Tomahawk-like live traps (10 3 10 3 30 cm; local manufacturer) modified with wire mesh, designed specifically to capture small arboreal mammals within selected grids of forests, such as San Martin. Trapping grids included 36 traps placed in a 6 3 6 arrangement with 10-m trap intervals and a 10-m boundary strip surrounding the grid. Sampling was conducted for 5 consecutive days each month.
Each trap was placed 1-2 m above ground in a shrub or tree (Fontúrbel 2010). Traps were checked daily at dawn, and all animals were released at the trap station after processing. For all animals captured we determined age (juvenile or adult) based on presence and size of reproductive organs and sex based on the presence of a scrotum or marsupium, following Muñoz-Pedreros et al. (2005) and Rodríguez-Cabal et al. (2008) .
Morphological traits.-Each captured animal was identified using uniquely numbered ear tags (model 1005-1; National Band and Tag Co., Newport, Kentucky). We recorded body mass, maximum tail width, and body length. The latter was measured as dorsal standard length (nose to tail) to the nearest 1 mm by holding each D. gliroides belly-down: noses were held against a smooth surface while the body was straightened by pulling gently on the rear limbs. Because body mass does not necessarily reflect the quantity of body reserves, which are mainly fat, we estimated a BCI (Schulte-Hostedde et al . 2001) by regressing body mass against standard length. Measurements and body mass were recorded with a caliper (6 0.1 mm) and a 60-g spring scale (Pesola, Baar, Switzerland) to the nearest 0.1 g, respectively. All animal capture and handling procedures meet guidelines recommended by the American Society of Mammalogists (Gannon et al. 2007 ) and were approved and authorized by the Chilean Agriculture and Livestock Bureau (Servicio Agrícola y Ganadero).
Activity patterns.-We used 4 automatic camera traps (Wildlife Camera; Woodland Outdoor Supply, Freeport, Ohio) to document daily activity patterns of D. gliroides for 60 days from March to April 2008. The camera traps were mounted on trees 3-4 m above ground ,20 m apart in selected sites where D. gliroides had been documented previously. Each camera was in place for 15 days and then removed and placed in a new location. We registered a total of 4 independent locations. We grouped data collected from all cameras in blocks of 2 h to assess activity patterns. Environmental temperatures were recorded in each location with a temperature data logger (iButton, model DS1921G; Dallas Semiconductors, Sunnyvale, California).
Communal nesting.-In March 2007 we placed 200 nest boxes (15 3 15 3 20 cm) in 2 plots within our study area. Each nest box was placed 2 m above ground in a shrub or tree about 10 m apart in a 100 3 100-m grid. All nest boxes were checked monthly for 2 years (through March 2009). We recorded colonization of nest boxes and the number of animals in each nest box, and we measured and marked all animals as described previously. We identified animals as active when they were resting or awake but responded to handling. In contrast, animal in torpor were in a lethargic state and did not respond to handling.
Data and statistical analyses.-Abundance of D. gliroides was estimated using the jackknife population estimator with the program CAPTURE (Otis et al. 1978; White et al. 1982) . Abundance was compared across years using chi-square (x 2 ) analysis. To obtain a standardized index of species abundance we expressed the number of individuals per 100 corrected trap nights (Kelt 2000 (Kelt , 2006 . The estimation was established for all years except in 2007 due to the lack of recaptures (Nichols and Dickman 1996) . Logistical problems did not allow the same sampling effort across all years of the study. Therefore, a standardized index for trapping effort was estimated using (individuals/trap-nights) 3 100 (Table 1) .
Density estimates were calculated as population size per area sampled, which corresponded to the grid area and a boundary strip surrounding the trapping grid, totaling 0.49 ha. Density (to the nearest whole individual) was compared across years using chi-square (x 2 ) analysis. We used a 2-way analysis of variance (ANOVA) to test for temporary differences (years and months) in body mass between sexes. To determine temporal patterns we used a 2-way multivariate analysis of variance to test BCI and tail width as dependent variables and month and sex as the predictor variables. For significant outcomes we performed Tukey post hoc tests to analyze specific effects (P , 0.05) of month and sex. Finally, we used a 1-way ANOVA to test differences between adults and juveniles in BCI. Assumptions of statistical tests were evaluated using Kolmogorov-Smirnov test for normality and Levene test for homoscedasticity (Quinn and Keough 2002) . Transformation (log + 1) was necessary for the BCI and tail-width variables to fulfill parametric assumptions. We performed a 2-way chi-square (x 2 ) contingency test (Zar 1996) to test for differences in the number of males and females among years, monthly differences in the number of adults and juveniles, and seasonal differences in communal nesting group size. To test the relationship between temperature and activity of D. gliroides we regressed separately for March and April the total number of pictures (or capture success) against air temperature. All statistical analyses were performed with Statistica 7.0 (StatSoft 2004).
RESULTS
Abundance and density.-We recorded 163 individuals of D. gliroides over 4 years. Because recaptures were obtained only within years (Franco 2009; Quijano 2008) , we estimated population sizes on an annual basis. Total captures were greatest in 2007 (Table 1) , although the greatest number of recaptures was in 2004, especially for adults, which can be attributed to a greater trapping effort that year. Capture probability for both age categories was greatest (0.333) in 2008. Estimated population size showed no significant differences among years (x 2 2 5 2.81, P 5 0.245; Table 1 ). We obtained a mean (6 SE) density estimate for all years of 26 6 4 individuals/ha (95% confidence interval 5 19-32 individuals/ha). Estimated density was higher in 2007 (31 individuals/ha) but did not differ significantly among years (x 2 3 5 1.72, P 5 0.6304; Table 1 ). Trapping effort was more successful at documenting adults than juveniles (x 2 3 5 53.25, P 5 0.0001; Fig. 2) . Number of individuals captured showed significant differences among months (x 2 4 5 51.94, P 5 0.0001). Specifically, March had the highest number of individuals and December the lowest abundance (x 2 1 5 18.91, P 5 0.0001). However, this pattern is related to the higher abundance of juveniles relative to adults in late summer and early fall (March-April; Fig. 2 ). The number of males and females did not differ among years (x 2 3 5 3.91, P 5 0.27; Table 1 ). Morphological traits.-Females and males showed no significant difference in body mass among years (year*sex: F 3,101 5 0.65, P 5 0.58), which indicates that males and females do not differ in body mass over time (years). However, we found a significant difference when comparing sexes among months (month*sex: F 4,101 5 4.87, P 5 0.001). Specifically, females had higher body mass than males in most months, except in February, when males were slightly heavier. Also, we noted an increase in body mass for females toward the end of summer (Fig. 3a) . Similarly, both BCI and tail width exhibited different temporal patterns for males and females (month*sex, F 8,200 5 2.23, P 5 0.026). BCI and body mass showed similar temporal patterns between sexes. Females had higher BCI than males in most months, except in February, when males had a BCI slightly higher. In general, the BCI was lower in December than in January, lower yet in February, and lowest in April; March did not differ from any months (Fig. 3b) . Tail width in December was lower than in April but not distinguishable from December or April in all other months (Fig. 3c) . Juveniles exhibited lower BCI than adults (age: F 1,178 5 130.29, P 5 0.001).
Activity patterns.-Camera traps recorded 97 photographs of D. gliroides and 20 photographs of small rodents (Irenomys tarsalis, Abrothrix olivaceus, and A. longipilis), suggesting that this marsupial could be the most common small mammal in the arboreal stratum. Our results suggest that D. gliroides was active only during the night, with peaks of activity during the 2 hours following midnight until just before dawn (Fig. 4) . In March, the activity of D. gliroides showed no relationship with environmental temperature (r 2 5 0.02, F 1,4 5 0.09, P 5 0.77), whereas in April we found a significant relationship (r 2 5 0.63, F 1,4 5 6.93, P5 0.049). Communal nesting.-Monitoring of nest boxes suggested that D. gliroides is resident throughout the year and uses torpor during cold seasons. Frequency of communal nesting showed no significant differences among seasons (x 2 12 5 12.53, P 5 0.40; Fig. 5 ). However, the large communal nests (3 individuals) were not present in winter or spring and were seen only in the summer and fall, but this appears to be mostly due to the presence of larger groups up to 5 individuals, including 1 postreproductive female and juveniles, that were not present in winter or spring. In winter we observed a higher number of single individuals and small groups of torpid animals (Fig. 5) . The occupancy rate of nest boxes was 22%, and some nests were used more than once. 
DISCUSSION
Our results reveal that population characteristics of D. gliroides are closely linked to reproductive period, which extends across the austral spring and summer (Jiménez 2005; Muñoz-Pedreros et al. 2005 ). The differences observed in age classes between months can be attributed to individual segregation, depending on the reproductive stage. Hence, adults were more abundant in spring and early summer, when they are seeking mates, and juveniles were mainly observed at the end of summer, when they begin foraging and exploratory movements (Muñoz-Pedreros et al. 2005) . These patterns agree with those reported for other marsupials, where males and juveniles show more dispersion in terms of foraging and mating (Cáceres 2003; Gentile et al. 2000) . Contrary to previous studies (Muñoz-Pedreros et al. 2005; Rodríguez-Cabal et al. 2008) , we recorded 2 captures of adult females with juveniles in March and April, which suggests that parental care might extend until early fall. Our capture probability and population abundance were higher than reported previously by Rodríguez-Cabal et al. (2008) and Fontúrbel and Jiménez (2009) , likely due to our longer sampling time and greater trapping effort. Rodríguez-Cabal et al. (2008) and Fontúrbel and Jiménez (2009) suggested that D. gliroides observed higher densities than those recorded previously by Kelt (2000) , Lobos et al. (2005) , and Saavedra and Simonetti (2001) . During our trapping period D. gliroides was the most abundant small mammal in the arboreal stratum (compared with rodent captures). D. gliroides in general has been considered rare (Kelt 2000) because it is seldom detected and exhibits low numbers when small mammals are assessed using traditional trapping methods. Consequently, previously reported results likely are biased by ineffective trapping methods; for example, Sherman traps were placed on the ground (Fontúrbel 2010) , and these studies were not designed to sample arboreal species efficiently but rather to capture sigmodontine mice.
The high abundance of this relict marsupial in the study area can be related to different factors. D. gliroides appears to exhibit a limited dispersal capacity (Fontúrbel et al. 2010) , which was evidenced by the recapture of young animals over the study period. Likewise, our study area is located in the Central Depression of southern Chile, which has been subjected to exploitation of native rain forest, resulting in a highly fragmented landscape composed of isolated forest remnants surrounded by a matrix used for agriculture and raising livestock, with limited connectivity among patches (Kelt 2000; Smith-Ramírez et al. 2010) , restricting dispersal capabilities of this arboreal species. Moreover, populations of D. gliroides might be restricted only to these fragments or patches of native forest due to its arboreal habits, without using the surrounding grassland areas.
The ability of small endotherms to tolerate cold conditions depends on endogenous structural attributes such as body mass and insulation and exogenous factors such as bedding and insulation provided by the nest (Jiménez 2005; Nespolo et al. 2002). Weight gain during or in advance of cold seasons has been documented for several species of marsupials, including didelphids (Bozinovic et al. 2005 ; Cáceres and Monteiro-Filho 1998), petaurids (Körtner and Geiser 2000) , and burramyids (Körtner and Geiser 1998), and in eutherian mammals such as Abert's squirrels and alpine marmots (Kenagy 1989) , which exhibit different patterns of seasonal regulation in energetic reserves between sexes. In eutherian mammals males emerge from hibernation with maximum fat reserves to ensure access to females and mating success (Kenagy 1989) . In contrast, females emerge with minimum body reserves, which are restored through the acquisition of food for reproduction after hibernation (Kenagy et al. , 1990 . In agreement with Kelt and Martínez (1989) and Rodríguez-Cabal et al. (2008) , we observed that D. gliroides increases body fat reserves at the beginning of fall, before hibernation. However, unlike most mammals (Clutton-Brock 1989; Drickamer et al. 2002; Fairbairn 1997) , females present higher body fat storage compared to males in late summer and early fall, suggesting that females increase body fat storage before hibernation. This is probably due to energy saving for the next reproductive season, including gestation, lactation, and rearing of the young (Krebs and Singleton 1993; Oakwood 2002) . This pattern has been described for some species of marsupials that exhibit short breeding seasons, such as the crest-tailed mulgara (Dasycercus cristicauda-Geiser and Masters 1994) and the mountain pygmy-possum (Burramys parvus-Körtner and Geiser 1998).
Juveniles consistently exhibited lower BCI than adults due to late emergence, the independence of young between late summer and the early fall, and the short time available for food intake of juveniles, which does not allow them to gain the same fat reserves as adults. Food availability plays an important role in the weaning of juvenile placental mammals (Molnár et al. 2009 ) and marsupials, in such a way that juvenile weaning is synchronized with seasonal production of proteinaceous food items (Lee and Cockburn 1985) . Food availability for D. gliroides diminishes in late summer (March-MayFranco 2009; Quijano 2008) , leading to lower BCI values.
The habitat of D. gliroides is characterized by seasonal and variable food availability (García et al. 2009 ). During spring and summer, when resources are more abundant and temperatures are higher, this species breeds and remains active until early fall, with females producing just 1 litter each summer (Muñoz-Pedreros et al. 2005) . This is corroborated by capture-recapture studies showing that D. gliroides is captured regularly throughout most of the year, with the exception of late fall and winter (Franco 2009; Quijano 2008; Rodríguez-Cabal et al. 2008) . In March, when temperatures are still relatively constant during the night, D. gliroides can remain active for longer periods of time, compared with April, when temperatures drop drastically, and this species decreases the activity pattern along with temperature decrease. This characteristic of D. gliroides also is supported by preliminary sampling from summer to fall (May), when captures decrease notably (M. Franco, pers. obs.) .
Risk of predation is one of the most important ecological factors determining the patterns of nocturnal activity in this species (Martínez and Jaksic 1997) . However, the high energy demands and poor thermoregulatory ability of D. gliroides (Cortés et al. 2009 ) imply some constraints on daytime and nighttime activity in this species, evidenced by the use of daily and deep torpor when food is reduced and temperatures drop (Bozinovic et al. 2004; Cortés et al. 2009; Nespolo et al. 2010) . Our results on the vertical use of the understory documented by camera traps indicated that D. gliroides is nocturnal and that activity patterns respond to environmental cues related to thermal constraints.
The social thermoregulation hypothesis predicts that communal nesting or huddling should increase with decreasing ambient temperature and most commonly occurs in seasonal environments as an energy-saving strategy (Ebensperger 2001) . Likewise, small endotherms can avoid entrance into torpor or minimize the consequences associated with its prolonged duration (e.g., physiological imbalance and decrease in the period of activity for foraging and breeding) through behavioral strategies such as huddling or communal nesting (Arnold 1988; Canals et al. 1998; Hammond et al. 2001; Scantlebury et al. 2006) . In contrast, we found that communal nesting and groups of 3-5 individuals consisting of postreproductive females and juveniles were more frequent during summer and fall. During winter we observed a higher frequency of single individuals and relatively small groups in torpor. Accordingly, this study confirms that D. gliroides nests communally and that communal nesting occurs during the breeding and postbreeding periods. Thus, our findings support the hypothesis that nesting behavior of D. gliroides during the breeding season is associated with parental care. Examination of our data suggests that communal nesting could be more related to the benefits of relatedness and parental care than to thermoregulatory benefits. Genetic analyses would be highly valuable in determining whether all nesting groups consist of close relatives.
RESUMEN
El ''fósil viviente,'' Dromiciops gliroides, es un marsupial endémico que habita los bosques templados lluviosos de Sudamérica, anida en huecos de árboles y enfrenta altos costos energéticos de termorregulación durante el invierno austral. A pesar que se conoce bastante bien el rol clave que D. gliroides presenta en la dispersión de semillas en el bosque lluvioso templado de Sudamérica, no existe información acerca de la dinámica poblacional a largo plazo. De esta forma, nosotros monitoreamos una población de D. gliroides donde estudiamos la variación de abundancia y densidad, y los cambios estacionales en masa corporal e índice de condición (BCI). Además, evaluamos la actividad y el anidamiento comunal con trampas cámara y cajas nido, respectivamente. Durante 4 años nosotros registramos una densidad poblacional promedio de 26 6 4 individuals/ha (media 6 ES), (95% CI 5 19-32 individuos/ha). A su vez, encontramos diferencia significativa en la masa corporal y el índice de condición corporal entre sexos, donde las hembras presentaron valores más altos que los machos, sugiriendo que existe una diferenciación en las estrategias de almacenamiento de energía durante el periodo prehibernación entre sexos. Los resultados también mostraron que D. gliroides se mantiene activo durante la noche hasta antes del amanecer. Finalmente, observamos que el anidamiento comunal fue más frecuente durante el verano y el principio del otoño. Por el contrario, durante el invierno, se observó una mayor frecuencia de individuos solos y grupos pequeños en estado de sopor. En base a lo anterior, proponemos que el anidamiento comunal podría ser una estrategia conductual importante en la supervivencia de este marsupial. Sin embargo, dado la mayor frecuencia de esta conducta en el verano y que los grupos encontrados fueron representados principalmente por hembras postreproductivas y juveniles, sugerimos que el anidamiento comunal podría estar más relacionada con el cuidado parental y probablemente más asociado con selección de parentesco que con beneficios de termorregulación per se.
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